This study sought to test whether a cognitive-hypnotic intervention could be used to decrease skin reactivity to histamine and whether hypnotizability, physiological variables, attitudes, and mood would influence the size of the skin weals. Thirty eight subjects undertook three individual laboratory sessions: a pretest session to determine sensitivity to histamine, a control session, and an intervention session during which the subject experienced a cognitive-hypnotic procedure involving imagination and visualization. Compared with the control session, most subjects (32 of 38) decreased the size of their weals measured during the intervention session, and the differences between the weal sizes produced in the two sessions were highly significant (AT = 38; t = 4.90; p < .0001). Mood and physiological variables but not hypnotizability scores proved to be effective in explaining the skin test variance and in predicting weal size change. Feelings of irritability and tension and higher blood pressure readings were associated with less change in weal size (i.e., a continuation of reactivity similar to that found in the control session without the cognitive-hypnotic intervention), and peacefulniBss and a lower blood pressure were associated with less skin reactivity during the intervention. This study has shown highly significant results in reducing skin sensitivity to histamine using a cognitivehypnotic technique, which indicates some promise for extending this work into the clinical area.
INTRODUCTION
The use of skin test reactions to administered histamine, antigens, or allergens as a means of gauging the effects of hypnosis on immunological hypersensitivity reactions has a long history with conflicting results. Some studies show that hypnotic interventions can be used to decrease reactivity (1) (2) (3) (4) (5) (6) (7) (8) , and others show little or no effects (9) (10) (11) (12) . Given the complexity and variability of hypnotic techniques, this diversity is perhaps not surprising, but the questions remain as to whether hypnosis can affect immune responsiveness and, if so, which responses are amenable to such modulation and to what extent and what hypnotic/cognitive variables are important.
In a recent study of the effects of daily mood on immediate-type (allergic) hypersensitivity responses (13), we discovered that it was possible to account for much of the variance in skin test reactions to allergens by addressing emotional variables. In the present study, we report results using a similar methodology to investigate whether a cognitive-hypnotic type of intervention could influence skin reactivity. Specifically, three hypotheses were proposed: a) That it was possible for people to decrease deliberately the reactivity of their skin responses to histamine by using an intervention such as hypnosis; b) that mood, physiological conditions, and mental attitudes could influence the effects; c) that people with good hypnotic skills, as measured by the Harvard Group Scale of Hypnotic Susceptibility (HGSHS:A), would be able to use a hypnotic trance to influence their skin reactivity after such an intervention better than those without such skills.
METHODS

Subjects
Volunteers aged between 18 and 60 years were sought in the Auckland School of Medicine and nearby general hospital to participate in a study that would involve hypnotizability testing. All participants gave informed consent and were fully informed about hypnosis. After hypnotizability testing with the HGSHS:A but before scoring these tests, 40 subjects were randomly selected to participate in sessions involving skin tests and visualization. Two subjects withdrew after the first session for reasons not relevant to the study, and their preliminary data were not used. The mean age of the remaining 38 subjects was 39.2 years (13 males, 25 females). All subjects were asked about medication intake before testing; none had taken antihistamines or any other drugs, such as phenothiazines, that might influence hypersensitivity reactions. All volunteers were given the results of their HGSHSiA and a gift of a 10-minute relaxation audio tape when their part in the study was complete.
General Procedure
After the group testing session for the HGSHS:A, the 38 subjects underwent three further individual sessions. The first of these was the pretest session for reactivity testing with a titration series of histamine. Should anyone have reacted excessively to the stronger solutions, the series could have been individually tailored. As it happened, all reactions were within acceptable limits, and so the same dilution series was used for all subjects. The second time the subjects were seen was called the control session because the procedures were the same as the third session but without any intervention. The third session was the intervention session. These descriptive terms will be used henceforth to differentiate the sessions, All three sessions with each subject were conducted by the principal investigator (T.M.L.), who is an experienced hypnotist. The HGSHS:A forms had been graded independently so that the experimenter and subjects could remain blind to the HGSHS:A results to prevent bias. The term "visualization" was used rather than "hypnosis" in all descriptions of the intervention so the word "hypnosis" would not influence a subject's behavior. People who had scored few or no items on the HGSHS:A may have believed that it was inappropriate for them to try to use hypnotic procedures, thus compromising their motivation and cooperation. The laboratory in which all test sessions took place was a pleasant, quiet, temperature-controlled, well furnished, internal room with a comfortable reclining chair.
The methodology for administering skin test reagents, photographing the weals, and determining their areas has been described in detail in our previous work (13) . In brief, droplets (10 ju,l) of the histamine solution (consisting of six, serial fivefold dilutions of histamine beginning at a concentration of 10 mg/ml) were placed on the anterior surface of the right forearm, and then the skin was pricked through the droplets with a Hollister-Stier Prick Lancetter. Pressure on the Lancetter to cause an indenting of the area to an approximate depth of 5 mm was applied for approximately 2 seconds at a 90° angle on forearm skin that was as free of hair and visible superficial veins as possible. The Prick Lancetter is a metal lancet with squared shoulders and a very short tip that is only 1 mm in length and so cannot penetrate deeper than 1 mm irrespective of the pressure applied. Most lesions were free of blood. The droplets of solution were gently wiped off the forearm 2 minutes later.
The resulting weals were photographed onto Fuji Velvia slide film after 10 minutes using oblique illumination to create light and to shade highlighting of the weals. The slides were later projected onto paper at a magnification of greater than 100-fold, and then outlines of weals were drawn and read into an image analyzer computer program to calculate weal areas.
Thermistors were placed on the middle digit of the middle fingers of the right hand, and skin temperature was recorded every 2 seconds using a J and J Physiological Monitoring System connected to an IBM-compatible computer. Blood pressure and heart rate were measured during each session, and it was recorded whether the subject was feeling healthy at that time or was unwell (e.g., headache, cold symptoms).
As described previously (13) , the dependent variables extracted from this skin test data were the mean of the weal sizes for each titration series, the titration end point (calculated by leastsquares regression), and the titration gradient (calculated from log-transformed weal areas). The titration end point indicated the lowest concentration of histamine to which the subject will register a reaction, and the titration gradient was a measure of the overall sensitivity to increasing histamine concentrations. Figure  1 shows a comparison of typical pretest, control, and intervention session weal area data from a single subject.
The Pretest Session
The pretest session consisted of the histamine titration series after which two health attitude questionnaires, Health Locus of Control (14) and All About Me (15), were completed. The session ended with the subject listening to the 10-minute relaxation tape to accustom him/her to the experimenter's voice and to provide pleasant associations with the room, voice, and procedures.
The Control Session
The histamine titration series was pricked into the right forearm, and weals were photographed after 10 minutes as for the pretest session. While the reactions were developing, each subject completed two mood scales, The Profile of Mood Scale (POMS) (16) and the Brief Mood Rating (BMR (13) based on Naliboff et al. (17) ) to assess their mood at the time of the skin testing. After the weals had been photographed, blood pressure and pulse rate were measured using an electronic cuff.
The Intervention Session
This session, which occurred at least 48 hours after the control session but more usually a week later, followed a plan similar to the control session with the addition of the hypnotic induction and suggestions. The POMS and BMR mood scales were completed before hypnosis. The last 18 subjects in the study completed another set of mood forms after the hypnosis part of the session had ended but before any moving about the room. A relaxation procedure was used as the initial part of the hypnotic induction. The subjects were then invited to go deeper into relaxation in response to the metaphor of a countdown from 6 to 0. A permissive approach was used throughout most of the trance/visualization session. The subject was invited to imagine a relaxed and pleasant day on holiday while the experimenter was quiet for 60 seconds. The subject was then asked to use his/her own imagination to become nonreactive to the skin tests. Various possibilities were suggested as starting points for calming the skin reactions; for example, to pretend that the histamine solutions were just water, to pretend that there was a protective layer over the skin, or to imagine that something had changed in their skin so that it was no longer reactive. While the experimenter administered the skin tests, the subject was invited to continue his/her visualizations in silence and to imagine internal energy that could diminish skin reactivity throughout the 10-minute period during which weals were developing. A few sentences of direct suggestion for nonreactivity and coolness of the skin were made to the subjects followed by suggestions of dissociation, then more silence for the subject to continue internal visualizations of his/her own choice. The realerting procedure that had been used previously with the relaxation tape ended the visualization session. This consisted of a count-up from 0 to 6, along with suggestions of feeling energetic. Blood pressure, pulse rate, and whether the subject felt healthy or unwell were then recorded.
The Creative Imagination Scale (CIS) was administered as an "Imagery Test" at the conclusion of the intervention session. It is a test that takes 20 minutes using a tape recording and has been used in several studies to assess hypnotizability (18, 19) .
RESULTS
Dependent Variables
When data from the three sessions (pretest, control, and intervention) were entered into a repeated measures analysis of variance procedure (Table 1) , there was a significant session effect for mean weal areas [F(2,37) = 16.44; p < .0001] and titration gradient [F(2,37) = 8.33; p = .0005] but not titration end point. Correlated t test comparisons of results from the two nonintervention sessions, pretest and control, revealed no significant differences in mean weal areas, titration end points, or titration gradi- ents. In contrast, significant decreases were found in intervention session mean weal areas [N = 38; t = 4.90; p < .0001) and titration gradients (AT = 38; t = 3.99; p = .0003) when compared with control session data, but the titration end point data were not significantly different between these two sessions.
To standardize the changes from control to intervention sessions, proportions were calculated by dividing the mean weal size of the intervention session by the mean weal size of the control session. As shown in Figure 2 , 32 of the 38 subjects exhibited reductions in weal areas from control to intervention Emotional Factors Our previous work (13) illustrated the importance of mood in within-subject, day-to-day variations in weal size reactions. This emotional variation was measured with two tests, the BMR, which was reduced to two factors, irritability/peacefulness and liveliness/listlessness (13), and the POMS, which produces six factors: depression, vigor, fatigue, tension, anger, and confusion (16) .
Some people changed their mood ratings from control to intervention, whereas others were more steady. The reactive people tended to change more than one emotion. Fifteen of the subjects changed to a less irritable (i.e., more peaceful) state in the intervention session. Their irritability levels were correlated with their skin test changes; a low irritability rating was associated with smaller weals (r = .33; p = .05).
Attitudes
Two attitude scales were administered during the pretest session: the well known Multidimensional Health Locus of Control (MHLC) (14) and a new attitude test that has been given the title "All About Me" (AAM) (15) . The MHLC test has three factors: internal locus of control, powerful others locus of control, and chance locus of control. The AAM gives three factors that describe life attitudes in general: a) an attitude toward being a successful person no matter what endeavor is attempted (success orientation), b) generally negative attitudes (life negativity), and c) an orientation toward satisfaction with life as it is now being experienced (life satisfaction) and two other factors that describe attitudes toward health: d) an attitude toward taking an active part in maintaining health (health:active) and e) an attitude of dependency on others (health:dependency). In a multiple regression analysis using a general linear model, three psychological factors predicted mean weal size at intervention: BMR irritability (F = 9.54, p = .004), POMS depression (F = 4.44, p = .04), the attitude subscale health: active (F = 5.07, p = .03), and the POMS tension factor (trend only, F = 3.37, p = .08). They accounted for 32% of the variance in the mean weal data in a stepwise regression.
Physiological Variables
Physiological data collected included systolic and diastolic blood pressure, pulse rate, skin temperature, and whether the person was physically unwell. The ambient Fahrenheit temperature in the room was relatively stable (mean = 72.4, range 70.6-74°F, SD = .82). Blood pressure was positively correlated with the mean weal data; the lower the blood pressure, the smaller the weals with the intervention (systolic: r = .39, p = .02; diastolic: r = .36, p = .03). Blood pressure was not correlated with any of the emotional variables.
When the physical variables were included in a stepwise regression analysis, systolic blood pressure, skin temperature, and whether or not the person was unwell accounted for 27% of the variance of the mean weal data. In a multiple regression analysis, only systolic blood pressure significantly predicted the size of the mean weal data [F = 9.11, p = .005) with a trend (F = 3.86, p = .058) for feeling unwell.
Hypnotizability
Neither test of hypnotizability, the HGSHS:A or the CIS, correlated with the mean weal data or any other variable. Age was not correlated with hypnotizability scores and had no impact on ability to affect the size of the weals during the intervention.
A sample (18 of 38) of people was asked to do a BMR mood rating both before and after the trance at the intervention session. Most (17 out of 18) had positive benefits from the experience in that they decreased their irritability and increased their feelings of peacefulness scores (r = -4.832; p = .0002). These people were not significantly different from the other 20 subjects (age, mean weal sizes, CIS, or HGSHS:A scores).
Multivariate Analyses of Psychological and Physiological Variables
Data from all subjects were subjected to multiple regression analysis to determine which variables predicted the weal size changes from control to intervention sessions. Systolic blood pressure (F = 15.9, p = .0004), how irritable the subject was feeling on the day of the intervention session (F = 10.34, p = .003), and the POMS tension factor (F = 8.58, p = .006) were important predictors in determining how well the subject could change the weal size after the cognitive-hypnotic intervention along with the attitude of health:dependency (F = 7.31, p = .01) and skin temperature (F = 4.97, p = .03). Stepwise analysis of variance to determine the proportion of the variance contributed by different variables (Table 2) revealed that 48% of the variance could be accounted for by these five variables together. 
DISCUSSION
The majority of subjects in this study were able to decrease the size of the weals using a cognitivehypnotic technique, and mood, physiological conditions, and mental attitudes influenced this response. Mood variables, in particular, proved to be useful in explaining the variance and in predicting weal size change, with feelings of irritability and tension being associated with less change in weal size (i.e., reactivity in the intervention session similar to that found in the session without the hypnotic intervention] and peacefulness associated with less skin reactivity to histamine. Mental attitudes also were correlated with skin reactivity. Generally, negative mood states appeared to interfere with the process of intentionally decreasing sensitivity to skin testing.
The physiological variables associated with weal size were systolic blood pressure and skin temperature. Decreasing skin temperature was part of the hypnotic paradigm with suggestions that the person could decrease their reactivity if they imagined that they cooled their arm. The imagery used for this differed from person to person. Both systolic blood pressure and skin temperature were found to be factors in the reduced responses, perhaps mediated through changes in vascular permeability and reactivity.
To test whether hypnotizability was a factor in determining the ability of subjects to diminish their skin reactivity to histamine, we compared the subjects' scores on two hypnotizability scales (HG-SHS:A and CIS) with skin test responses. Surprisingly, neither test of hypnotizability was correlated with change in weal size from control to intervention session. This indicates that, irrespective of their hypnotizability scores, subjects could participate in the trance behaviors to achieve a change in the weal size, particularly in the larger, more itchy weal produced by the higher concentrations of histamine.
The hypnosis methodology used here was designed to aid those people without naturally good hypnotic skills by using a long induction, little authoritarian language, a permissive approach, and indirect suggestions (20) (21) (22) . The behavior of the hypnotist was tailored to each subject to avoid a strict, unvarying experimental formula and/or taped presentation. Subjects were told the object of the experiment in a direct way: "You don't have to react to the skin testing. . . " then invited, in an indirect, permissive manner, to use their ". . . own creative ways" to achieve this end. This allowed them to become creative while in the trance state, using metaphor, visualization, direct suggestion, or whatever was meaningful to the individual. They were requested to use their imagination as if they were awakening on holiday somewhere and were requested to plan out a "really nice day." The rationale behind this request was that everyone can plan, and it is an activity with which most, if not all, people can identify. It was then suggested that they could use this same technique to reduce their skin reactivity. The new visualization was to be as effortless (23), casual, and fun as the holiday plan. They were specifically requested not to try hard but to keep it light. Having just proved to themselves that they could use their imagination and that it is a pleasurable, casual, almost automatic ability that they have within themselves and that there is nothing unusual about it, they could then proceed to the next activity.
In accord with this approach, Tellegen (24) suggested that allowing spontaneous imagery skills to emerge will prove to be more useful to the individual, and Sheehan (25) has stressed that elicited imagery is imagery imposed on a subject and may be much less "usable" and beneficial than spontaneous idiosyncratic imagery.
In our study, trance was induced with a relaxation procedure under the rationale that it would be experienced by the more highly hypnotizable people as a hypnotic induction and by the low hypnotizable people as a familiar procedure unrelated to hypnosis. Although there is evidence that calling a procedure "hypnosis" can enhance the responses from a subject (26), this was not done in this study. The subjects were told that they would be asked to use their "heads" in thinking the reaction smaller (i.e., labeling it as a cognitive procedure rather than a hypnotic one). Because the subjects were not selected for hypnotizability but had already participated in a hypnotic activity (the HGSHS:A) that would have raised their awareness of how they felt and responded to a hypnotic induction, it was decided to refrain from labeling the procedure "hypnosis" so that subjects would be free to respond to the situation without preconceived notions of how they ought to respond. In the event, the low hypnotizable people were able to participate readily in the activity, and the majority of them achieved some reduction in the size of their weals.
In view of our findings, the question therefore arises as to the suitability of the HGSHS:A, or any other scale based on the Stanford work, to predict an ability to use this type of intervention in a clinical or physiological context. Of the variables assessed in this study, blood pressure, mood factors related to irritability, peacefulness and tension, and attitude to health were the best predictors of success in using the trance procedure to decrease weal size. All subjects underwent the same order of sessions because it was considered that experiencing the intervention session before the control session might unduly compromise the control responses. The possibility that our results could be explained as an adaptation of the repeated testing procedure is unlikely, however, because there were no significant weal response differences evident between pretest and control sessions.
The intervention contained suggestions of relaxation, and we have not addressed the issue of the effects of relaxation compared with those of hypnosis, nor whether it is possible to separate such factors. Others have compared and contrasted the effects of hypnosis, imagery, and relaxation and reported that highly hypnotizable subjects respond to relaxation as if to a formal hypnotic induction (25) . Hall et al. (28, 29) reported effects of relaxation and a hypnosis-like procedure on lymphocyte mitogen responsiveness and neutrophil adherence. They also found significant decreases in the mean level of distress after the intervention; however they did not assess the possible intervention-related interactions between psychological factors and their immune measures.
An important reason for using titration series rather than single concentrations of histamine is that the slope of the gradient and the titration end point can provide additional information relating to the mechanism of the effects. The mechanism by which administered histamine induces skin responses involves local vascular and neurophysiological events but, unlike responses to allergens, does not involve immunoglobulin E antibodies although it may possibly involve mast cell activity as part of a feedback loop (30) . Although there have been several studies that have demonstrated neurologically mediated temperature changes in the skin (3, (31) (32) (33) , it is not possible to know exactly which processes were affected in the skin during our intervention. Our data showed no change in end points after the hypnotic intervention although significant changes in the gradients occurred, indicating that the severity of the reactions was being reduced. This accords with comments from the subjects with smaller weals at the intervention session that their reactions were less itchy.
The 38 subjects in this study were mostly employees in and around the medical school. They all took time out from their lunch hours or normal working days to volunteer for the study. None was under such stress or so ill that they were prevented from attending work. The ordinariness of their moods was reflected by the lack of large differences between the raw scores of the mood variables of the successful and unsuccessful subjects. Yet, these small fluctuations in normal daily moods were clearly sufficient to influence the weal sizes.
In summary, decreasing skin reactivity is possible using a cognitive-hypnotic type of intervention as evidenced by significant decreases in the size of the weals after skin testing, especially those produced by stronger histamine solutions. The hypnotic method used in this study used three specific procedures that may have contributed to the high success rate of the subjects in this study: challenge to the assumption that the subject has "no imagination," self-generated scenes, and a sense of playfulness in the process such that there was little or no fear of failure. In addition, self-generated visualizations within the context of hypnosis provided opportunities for a variety of imagination styles, not directed by someone outside of self (27) . This was perceived by the subjects to be within their capabilities, irrespective of what their response had been to hypnotizability testing. Those with higher hypnotizability abilities could participate in all three aspects of the induction, direct suggestion, indirect suggestion as well as this self-directive imagination. Perhaps the least hypnotizable subjects, who were already relaxed by virtue of the format of the induction, could then participate in an imaginary activity that not only made sense to them but was not labeled as hypnosis. Our results indicate that the potential of hypnotic-type intervention as an adjunctive procedure for managing allergic conditions (34) warrants further investigation. 
